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INTRODUCTION
Syndemic theory has received significant attention in recent years as an approach for understanding and addressing key issues in public health. In a recent Lancet series Singer and colleagues revisited the concept, and defined syndemics as "Population-level clustering of social and health problems," which fulfill three criteria: "(1) two (or more) diseases or health conditions cluster within a specific population; (2) contextual and social factors create the conditions in which two (or more) diseases or health conditions cluster; and (3) the clustering of diseases results in adverse disease interaction, either biological or social or behavioural, increasing the health burden of affected populations." (Singer, Bulled et al. 2017) . While syndemic theory has been applied to a wide range of contexts, it has gained particular prominence in conceptualizing the increased vulnerability of men who have sex with men (MSM) to sexually transmitted infections (STIs), especially HIV (Tsai and Burns 2015) . Over the past 15 years, a substantial body of research has documented a clustering of psychosocial conditions experienced by MSM, which are associated with greater HIV risk behaviours (e.g., unprotected anal intercourse), often in a dose-response or additive manner (Mimiaga, O'Cleirigh et al. 2015) . Recently, a study of 4295 men demonstrated that a greater number of syndemic conditions is also associated with greater HIV incidence (Mimiaga, O'Cleirigh et al. 2015) . In these studies, the syndemic approach has been used to argue for developing integrated, multicomponent psychosocial interventions for HIV-prevention among MSM.
In a recent systematic review of syndemic studies of psychosocial conditions and HIV risk, however, Tsai and Burns (2015) identified several key limitations to these studies. First, there is a dearth of research in low-and middle-income settings where the majority of people living with HIV (PLHIV) live; four-fifths (80%) of the reviewed studies were carried out in the 4 U.S. Second, the majority of studies to date have not used analytical approaches that enable an examination of whether and how the co-occurring psychosocial conditions assert synergistic effects on HIV riska fundamental assumption of syndemic theory. The most common analytical approach is an additive (count or sum) approach, wherein the association of the cumulative number of conditions is explored with an HIV behavioral outcome (e.g., unprotected anal intercourse) or prevalent HIV or other sexually transmitted infection, essentially investigating the presence of a dose response. (This approach should not to be confused with an additive interaction, which evaluates whether the joint effect (e.g. risk) of factors differs from the sum of the individual effects.) In a recent update to this review for the Lancet syndemics series, Tsai et al. (2017) reported that while there are signs of greater attention to vulnerable populations both within and beyond the U.S., syndemic studies continue to use the language of synergistic interaction but fail to test for such a relationship in their methods.
Additionally, Tsai and Burns (2015) and Tsai and Venkataramani (2016) recommended alternative methodologies that assess disease interaction in order to investigate whether and how the conditions that are hypothesized to constitute a syndemic act together to worsen HIV risk beyond what would be expected by each of these factors alone (i.e., beyond additive). The authors in both papers also explored the implications of synergistic interaction for interventions.
While most syndemic studies advocate for multi-component interventions, in low-resource settings with evidence of synergy, it may be more cost-effective to specifically target select conditions that amplify risk the most, rather than all of them simultaneously. In contrast, multicomponent efforts that devote attention to all or most of the individual syndemic conditions in a single setting may be more effective in the absence of synergistic interaction.
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Our paper takes up these calls for additional research on syndemics outside the U.S. that employ appropriate statistical methodologies for investigating the synergistic interaction of hypothesized syndemic conditions (Tsai and Burns 2015 , Tsai and Venkataramani 2016 , Tsai, Mendenhall et al. 2017 . Specifically, our study draws on a large baseline data set for a cluster randomized trial for MSM in 12 sites across India as a "test case" for comparing the traditional count-based methodological approach with an alternative test for synergistic interaction. Our analyses also offer an opportunity to revisit the definition of syndemics and its application to quantitative studies of population health.
India presents an important setting for examining syndemic production of sexual risk among MSM outside the U.S. First, it has the third highest number of people living with HIV and MSM bear a disproportionately high burden of these infections, with a prevalence of 4.43% compared with 0.35% in the general population (Department of AIDS Control, 2013). A substantial literature documents how stigmatization and discrimination contributes to poor psychosocial health and limits access to HIV-related services (Go, Srikrishnan et al. 2004 , Safren, Thomas et al. 2009 , Mimiaga, Thomas et al. 2011 , Sivasubramanian, Mimiaga et al. 2011 , Thomas, Mimiaga et al. 2011 , Solomon, Mehta et al. 2015 , Tomori, McFall et al. 2016 .
Men are expected to conform to cultural expectations of masculinity in behavior and appearance, and to marry and have children, regardless of their preference (Setia, Sivasubramanian et al. 2010 , Solomon, Mehta et al. 2010 , Tomori, Srikrishnan et al. 2016 . We have also previously identified high prevalence of a number of psychosocial conditions associated with syndemics in our study population, including alcohol use (Solomon, Mehta et al. 2015) , depression and suicidal thoughts (Tomori, McFall et al. 2016) , and childhood sexual abuse (Tomori, McFall et al. 2016 ).
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Our study considers the impact of psychosocial conditions on two outcome measures: recent unprotected anal intercourse (UAI) and active syphilis infection. UAI is the most common behavioral sexual risk outcome used in the syndemic literature, while syphilis provides a biological outcome. Syphilis is currently on the rise among men who have sex with men globally (Abara, Hess et al. 2016 , Fenton, Breban et al. 2008 , with prevalence estimates of 3-6% of hightitre syphilis among MSM and hijras in southern Indian states (Brahman, Kodavalla et al. 2008) as compared to 0.5% among the general Indian population (Khan, Menezes, et al. 2014) . Syphilis infection has further significance because of the biological mechanisms that facilitate HIV acquisition and transmission (Wang, Chen et al. 2014 , Paz-Baily, Meyers et al. 2004 .
METHODS

Study Design
We examined the relationship of syndemic conditions with UAI and syphilis infection using cross-sectional data from 11,771 MSM in India recruited using respondent-driven sampling, a chain-referral strategy for recruiting hard-to-reach participants whereby the resulting sample is considered representative of the target population (Volz and Heckathorn 2008 , White, Lansky et al. 2012 , Solomon, Lucas et al. 2013 ). Data were collected as the baseline assessment for a cluster-randomized HIV-prevention trial among MSM (ClinicalTrials.gov Identifier: NCT01686750) conducted in 12 cities from five states and one Union Territory of India (Solomon, Lucas et al. 2013 , Solomon, Mehta et al. 2015 between October 2012 and June 2013.
Detailed study procedures for the baseline assessment have been published elsewhere (Solomon, Mehta et al. 2015) . Briefly, recruitment in each city was initiated using two seeds (i.e., MSM who were well-connected in the community), with the exception of New Delhi where 7 three seeds were used. Seeds and all other eligible enrolled participants were provided two recruitment coupons to give to other MSM they knew in the city. Recruitment continued until 1000 MSM were sampled in each city (median time to recruit: 98 days, range: 69 -156 days).
Eligibility criteria included: (1) age ≥18 years, (2) self-identify as male (hijra/transgender women were excluded), (3) report oral/anal sex with a man in the prior 12 months, (4) provision of oral informed consent, and (5) possession of a valid referral coupon (except for seeds). One study site was established in each city. Participants completed an interviewer-administered electronic survey, provided a blood sample, and underwent onsite rapid HIV testing with preand post-test counseling. The interviewer-administered survey included modules on sociodemographics, sexual risk behaviors and characteristics, substance use, and depression.
Outcome Measures
UAI in the prior 6 months was assessed via interview-administered survey using questions on condom use during anal intercourse with male sexual partners in the prior 6 months, both casual and regular partners. Active syphilis infection was diagnosed using a reflex testing algorithm on blood samples provided during the RDS study visit. An initial RPR (rapid plasma reagin) (Span Diagnostics Ltd., Surat, India) test was performed on all samples and samples testing positive were subject to a TPHA (Treponema pallidum haemagglutination) test, a treponemal antibody test (Omega Diagnostics, Scotland, United Kingdom). Active syphilis infection was defined as a positive RPR and TPHA test. All results with appropriate referrals for care were delivered to participants.
Syndemic Conditions
Five syndemic conditions were chosen based on their previous associations with HIV risk and their frequent use in the syndemic literature, including alcohol dependence, illicit drug use, 8 depression, intimate partner violence (IPV), and childhood sexual abuse (CSA) (Tsai and Burns 2015) . Syndemic conditions were ascertained by self-report using the interviewer-administered electronic survey. Alcohol use in the past year was assessed using the AUDIT instrument (Saunders, Aasland et al. 1993 , Volk, Steinbauer et al. 1997 , with a score of 15 or higher categorized as alcohol dependence. Recent illicit drug use was defined as reporting any injection or non-injection drug use (excluding marijuana and intoxicating tobacco) in the prior 6 months.
The presence of depression was measured using a cut-off of 10 or higher on the Patient Health Questionnaire-9 (PHQ-9) (Kroenke, Spitzer et al. 2001) , which has been validated and extensively used in India (Kochhar, Rajadhyaksha et al. 2007 , Patel, Araya et al. 2008 , Ganguly, Samanta et al. 2013 ). History of IPV was assessed by asking the participant whether he "ever had a sexual partner (including a current or former spouse, boy/girlfriend, or other sexual partner) who has hit, slapped, kicked, shoved, or otherwise hurt him." History of CSA was assessed by asking the participant whether he "experienced any unwanted sexual experiences (i.e., sexual touching or sexual intercourse, either oral or anal) when he was growing up (before 16 years old)."
Statistical Methods
Population summary statistics were calculated using a composite weight that accounts for the relative size of the adult male population in each city using the 2011 Indian Census and the RDS-II weight (Volz and Heckathorn 2008) , which weights for the inverse of an individual's network size (i.e., the number of MSM in the city whom the participant saw in the prior 30 days).
City-level UAI and syphilis prevalence estimates have been previously reported (Solomon, Mehta et al. 2015 ).
An additive association of syndemic conditions was explored using a cumulative condition count, summing all conditions endorsed or present for each individual, resulting in a range of 0 (no conditions) to 5 (all conditions). Since few men had 4 or 5 conditions (2.2% of the sample), the highest count category was re-defined as 3 or more conditions. Univariable and multivariable log poisson regression models were used to estimate the association (i.e., prevalence ratio) of the condition count as a categorical variable with recent UAI. Log poisson was used to estimate the prevalence ratio of UAI due to convergence problems with log binomial models. Log binomial models were used to estimate prevalence ratios of active syphilis infection.
Synergistic associations of syndemic conditions were tested using the relative excess risk due to interaction (RERI), which assesses departures of additivity from relative measures of association, such as relative risks and odds ratios (Rothman, Greenland et al. 2008) . RERIs and 95% confidence intervals (VanderWeele and Knol 2014) for both UAI and syphilis were calculated for each 2-way condition interaction and the most common 3-condition patterns using separate multivariable log poisson/log binomial regressions. A positive RERI would suggest that the co-occurring conditions confer a greater than expected risk (i.e., prevalence ratio) of UAI/syphilis beyond the addition of the independent effects of the conditions. Regression models for the count and synergistic approach included RDS-II weights as probability weights and multivariable analysis included adjustment for city, age, sexual identity, and educational attainment, a priori confounders of the syndemic-syphilis association. Due to the dependent nature of data collected using RDS, a clustered sandwich variance estimator was used to account for within seed-group correlations (i.e. clustering by seed chain, n=25) for all regression models (Rogers 1993) . Unweighted analyses are presented in Supplementary Tables.
Seeds were excluded from all analyses. Prevalence ratios and RERIs were considered statistically significant at p-value<0.05. Statistical analyses were performed using Stata version 13.0 (Stata Corp., College Station, Texas, USA)
RESULTS
Median age of the MSM was 25 years (interquartile range [IQR]: 21 -32), 30.4% were currently married, and 20.9% had only a primary school education or less. Almost half (45.1%) of the MSM identified as panthi (more masculine appearance and predominantly engage in insertive anal sex), 18.1% were double deckers (either masculine or feminine appearance and engage in both insertive and receptive anal sex), 15.1% were bisexual, 14.0% were kothi (more feminine appearance and predominately engage in receptive anal sex), and 7.7% identified as gay or MSM.
Overall prevalence of UAI in the prior 6 months was 50.5%. City-level UAI prevalence ranged from 35.8% in Hyderabad (Andhra Pradesh) to 73.7% in Bhopal (Madhya Pradesh) (Solomon, Mehta et al. 2015) . UAI was most common among double deckers (54.4%) but was reported by approximately half within all sexual identity groups ( Table 1) . Men who were previously married (58.1%) or single (52.2%) were more likely to report UAI than those currently married (46.0%). The median number of male sexual partners in the prior 6 months was higher among those reporting UAI (2 partners) than those not reporting UAI (1 partner). The number of recent female partners was similar across groups. UAI was more prevalent among those recently engaging in sex work (58.1%). UAI was slightly more common among those with an active syphilis infection (52.8%) compared to uninfected men (50.4%). HIV-and herpes simplex virus 2-(HSV-2) uninfected men were more likely to report UAI (51.5% and 51.4%, respectively) compared to infected men (41.6% and 46.6%, respectively).
Overall prevalence of active syphilis infection was 2.9%. City-level syphilis ranged from 0.8% in Belgaum (Karnataka) to 4.4% in Vijayawada (Andhra Pradesh) (Solomon, Mehta et al. 2015) . Kothis had the highest prevalence at 5.3%, followed by double deckers at 4.3%, bisexuals at 3.5%, and panthis at 2.1% ( Table 1) . Men who were previously (4.3%) or currently married (3.6%) were more likely to have an active syphilis infection than men that had never been married (2.6%). Those with only a primary school education or less had higher syphilis prevalence (4.4%) as compared to those with secondary (2.6%) or at least a high school education (2.5%). Syphilis was slightly more common among men reporting recent UAI (3.1%).
The median number of male and female sexual partners in the prior 6 months was the same for those with and without an active syphilis infection. Syphilis was more prevalent among those recently engaging in sex work (3.9%). Men with HIV and HSV-2 were more likely to have an active syphilis infection (10.5% and 7.9%, respectively) compared to men uninfected (2.4% and 1.7%, respectively).
The most prevalent syndemic condition was CSA at 22.4%, followed by alcohol dependence at 15.2%, depression at 10.9%, IPV at 10.0%, and recent illicit drug use at 2.5% ( Table 2) . In univariable analysis, all five syndemic conditions were associated with higher prevalence of UAI in the prior 6 months. In multivariable analysis after adjustment for city, age, sexual identity, and education, the associations remained significant except illicit drug use: alcohol dependence prevalence ratio (PR): 1.31, 95% confidence interval (CI): 1.19 -1.45; illicit drug use PR: 1.11, 95% CI: 0.93 -1.33; depression PR: 1.19, 95% CI: 1.05 -1.35); CSA PR:
1.16, 95% CI: 1.10 -1.23; and IPV PR: 1.39, 95% CI: 1.16 -1.67). In univariable analysis, depression (PR: 1.59, 95% CI: 1.06 -2.36) and IPV (PR: 1.73, 95% CI: 1.28 -2.34) were associated with higher prevalence of active syphilis infection. Alcohol dependence, illicit drug use, and CSA were not significantly associated with active syphilis infection in univariable analysis. In multivariable analysis, none of the syndemic conditions were significantly associated with syphilis.
Over half (58.9%) of the men had no syndemic conditions, 26.8% had 1, 9.9% had 2, and 4.5% had 3 or more ( Table 1 ). In both univariable and multivariable analysis, there was a significant dose response pattern of the syndemic count with UAI (adjusted PR for 1 condition vs. none: 1.13, 95% CI: 1.03 -1.24; 2 conditions: 1.35, 95% CI: 1.21 -1.51; 3 or more conditions: 1.67, 95% CI: 1.32 -2.12). In the univariable analysis of syphilis, there was a dose response pattern of the syndemic count, though no group reached statistical significance ( Table   2) . Multivariable analysis was similar to univariable; there was a dose response pattern of the syndemic count with syphilis (adjusted PR for 1 condition vs. none: 1.07, 95% CI: 0.69 -1.67; 2 conditions: 1.19, 95% CI: 0.78 -1.82; 3 or more conditions: 1.44, 95% CI: 0.78 -2.68) but no group reached statistical significance.
RERIs of UAI for one pair of conditions showed synergy: IPV+depression (0.26, 95% CI: 0.05 -0.47) (Figure 1) . All other 2-way RERIs of UAI overlapped the null (zero) and were therefore not significantly different from zero. For co-occurring 3-condition patterns, IPV+CSA+depression (n=259), alcohol dependence+IPV+CSA (n=226), and alcohol dependence+CSA+depression (n=157) were most common. RERIs of UAI from these 3-way interaction models were all negative. RERIs from the 2-way syphilis interaction models were mostly negative or close to zero with the exception of three pairs with substance use: depression+drug use (1.17, 95% CI: -0.64 -2.97), alcohol dependence+drug use (0.70, 95% CI: 13 0.09 -1.30) and alcohol dependence+CSA (0.33, 95% CI: -0.56 -1.23) (Figure 2) . The RERI for alcohol dependence+drug use was the only pair of conditions that showed statistically significant synergy. RERIs of syphilis from the 3-way interaction models were all negative.
DISCUSSION
In accordance with similar syndemic investigations, we found an additive relationship between psychosocial syndemic conditions and the behavioral outcome of UAI. The more syndemic conditions MSM in our study experienced, the greater likelihood that they reported UAI. A similar pattern emerged between the syndemic conditions and the biological outcome of syphilis, suggesting a dose-response relationship with more syndemic conditions and greater likelihood of syphilis, but this trend did not reach statistical significance. In previous studies, significant dose-response relationships led investigators to conclude that syndemic conditions acted in a synergistic manner to produce worse sexual behaviors and/or outcomes and ultimately greater likelihood of HIV. In a similar vein, for the biological outcome of syphilis, the trend towards dose-response with a lack of statistical significance in the findings would likely be interpreted as suggestive of a possible syndemic, with further data needed to ascertain its existence.
When we tested for synergistic relationships using RERI, however, a more complex portrait emerged. For the behavioral outcome of UAI, we found evidence of synergistic interaction in only one of the eight pairs of possible 2-way interactions (IPV+depression) and none of the 3-way combinations of syndemic conditions yielded significant positive findings. For the biological outcome of syphilis, we similarly found evidence of only one 2-way interaction with substance use (alcohol dependence+illicit drug use) and none of the 3-way combinations yielded significant positive findings. Notably, the condition pairs that showed significant synergy for UAI and syphilis were not the same. The RERIs imply that experiences of violence and depression interact to increase UAI, while substance use interacts to produce increased syphilis infection. Additionally, all 3-way RERIs were negative, with those for UAI all significantly less than zero. This suggests a lack of synergy when looking beyond pairs, which constitutes a distinct pattern in contrast to the additive (i.e. count) approach that tends to show a doseresponse relationship with 3, 4, or more conditions. Thus, while there is indeed population-level clustering of these psychosocial conditions among MSM in India, only two pairs of the psychosocial conditions constituted a syndemic according to Singer et al.'s (2017) definition, with worse effects (i.e. engaging in UAI or acquiring syphilis) than expected for each condition individually. There was no evidence of the compounding of multiple psychosocial factors in a synergistic manner across multiple pairs or triplets, as some prior syndemic studies have suggested based on trends towards dose-response relationships in additive models.
Our "test case" comparison of two methodological approaches for assessing syndemics, based on a large sample of MSM in India, has several important implications. Foremost, our findings provide further support for Tsai and colleagues' (Tsai and Burns 2015 , Tsai and Venkataramani 2016 , Tsai, Mendenhall et al. 2017 ) argument that synergy cannot be assumed based on a cumulative relationship of the number of syndemic conditions and sexual risk behaviors and that additional methods are necessary to formally evaluate the presence of synergistic interaction. The count approach for both of our outcomes yielded a linear doseresponse relationship, which was statistically significant for UAI but not for syphilis. This pattern fits with Tsai and Burns's (2015) observation that there is a pattern of dose-response relationships with syndemic conditions and sexual risk (or HIV seroconversion) in many syndemic investigations. This pattern is usually taken as evidence of synergy. For example, although Singer et al. (2017) acknowledge that further work is needed to demonstrate "the existence of a SAVA [substance use, alcohol, violence and AIDS] syndemic among men who have sex with men, consisting of interacting and mutually reinforcing health conditions," they cite Stall and colleagues' pioneering study (Stall, Mills et al. 2003) , which found an additive pattern between syndemic conditions (multiple drug use, IPV, CSA, and depression) and risky sexual behaviors, as indicative of a likely syndemic. Similarly, a recent paper by Ferlatte and colleagues (2018) that investigated active syphilis infection among MSM in Canada found a strong dose-response with syndemic conditions and syphilis using the count approach. In contrast, however, Tsai and Burns (2015) and Tsai and Venkataramani (2016) point out that such a linear pattern suggests additive effects, but does not support substantial synergistic interactions.
The pervasive presence of a dose-response pattern in syndemic studies, including ours, poses a challenge for the third defining criteria of syndemics, which focuses on the mutually reinforcing interactions. If other investigators carry out similar tests for synergistic interaction as we did in our "test case", it may be that some examples of the observed clustering of cooccurring conditions of psychosocial adversity and elevated sexual risk in sexual minority populations do not meet the stated criteria of syndemics or do so only in a limited manner, as in our example. Indeed, in our study, synergistic interactions were confined to one set of psychosocial conditions for UAI and a different pair of conditions for syphilis. Tsai and colleagues (2017) note that the first two criteria of syndemics about the clustering of epidemics due to "harmful social conditions" has been extensively discussed beyond the syndemic literature. It is the third criterion of synergistic interactions that distinguishes syndemic theory from other conceptualizations, while also making it problematic due to the lack of specificity about the nature of these interactions and the lack of adequate empirical support for such interactions. Importantly, relying solely on the count approach conceals where true synergies may lie among the specific psychosocial conditions and their magnitude, thus limiting the design and implementation of effective interventions for the target population. Ferlatte et al.'s (2018) approach represents one step beyond previous approaches in syndemic studies by examining additive interactions using observed vs. expected prevalences in the absence of interaction as well as the RERI. However, both of these approaches used counts of syndemic conditions, rather than exploring interactions with specific conditions (e.g. substance use and depression). In contrast to our findings, this approach, which used a slightly different set of syndemic conditions (e.g. including suicidality but not CSA), yielded evidence of synergistic interaction with 3 or more conditions. Ferlatte et al's findings may mean that synergistic interactions exist for syphilis in this different population of MSM in a high-income setting, but their methods assume all syndemic conditions have a similar effect on syphilis infection and do not enable us to identify which conditions are in a synergistic relationship with one another.
We suggest several possibilities for moving syndemic studies forward in light of our findings as well as our belief that current syndemic approaches, despite their limitations, have proven useful in drawing attention to the patterned clustering of adverse conditions and experiences in socially marginalized populations, such as sexual minorities. First, the third defining criterion of syndemic theory might be broadened to include cumulative (additive) adversity, rather than solely focusing on synergistic, mutually reinforcing interactions. If this modification was made, we could distinguish between different kinds of syndemics, and different kinds of "interactions." For instance, we might distinguish between syndemics wherein there are well-documented mutual amplification of conditions (e.g., co-infections) and others, where there may be other causal pathways among the different syndemic conditions. Second, we recommend greater attention to the psychosocial conditions' differential effects on sexual risk, their relationship to one another in causal pathways, and their development over time. These issues are currently overlooked in the count approach, yet the temporal, cumulative development of harmful psychosocial conditions over the life course is a key element of Stall and colleagues' (Stall, Mills et al. 2003 , Stall, Coulter et al. 2015 conceptualization of syndemics. Moreover, as is clear from our findings, there may be wide variation of the presence of syndemic conditions within vulnerable populations; over half of our participants, for example, had none of the five syndemic conditions, and only 4.5% had three or more. Since study populations, the selected syndemic conditions as well as their measures vary from study to study, there is no simple way to compare syndemics across studies. A better understanding of the above issues would have significant implications for interventions. For instance, early interventions focusing on temporally antecedent adverse conditions, such as CSA, may be particularly effective in preventing the cascade of adverse conditions that may amplify one another. Investigators may also wish to screen vulnerable populations for a broad set of these adverse conditions, examine who bear the greatest burdens of adverse conditions, and develop specific interventions for those who face the greatest risk. Finally, investigators may be able to better select the targets of interventions within contexts of limited resources so that they can have the most powerful effects on lowering sexual risk.
Both a broader conceptualization of syndemics and a greater focus on the life course
could open the way for greater integration of quantitative and qualitative methodologies. For instance, ethnographers are well suited to examine the development and embodied experiences of multiple syndemic conditions as well as the social and political economic forces that make 18 certain populations vulnerable to them. With limited funding opportunities for large cohort studies that follow participants for long periods of time, it is particularly important that quantitative and qualitative data on syndemics are brought together in projects and manuscripts so that they constitute an ongoing dialogue rather than discrete components. A holistic focus on understanding of the disease production and experience is consistent with the objectives of syndemic theory.
Our findings are limited by several factors. Given the cross-sectional study design, we cannot establish that syndemic conditions occurred or began prior to an individual's outcome -UAI or syphilis acquisition. Relatedly, and as mentioned earlier, we are unable to investigate the temporal, causal relationships between the five syndemic conditions or potential antecedent factors. All syndemic conditions as well as UAI were self-reported on the survey and are subject to potential biases such as recall and social desirability bias. Seeking medical care for syphilis symptoms (i.e. sores and ulcer) was not associated with any of the syndemic conditions but we are unable to rule out bias if treatment for syphilis is associated with syndemic conditions. While we used RDS weights to account for the non-random sampling approach, we cannot confirm that the resulting analytical sample and effect estimates are reflective of the underlying population.
Despite a large sample size, we may have been underpowered to detect significant synergy for 3condition interactions. It is also possible, of course, that there are more substantial synergistic interactions among syndemic conditions that we did not test in the population, in other populations of MSM in India or elsewhere, or among other vulnerable groups.
In conclusion, our "test case" of a comparison of the traditional count approach and a test of synergistic interaction in a large dataset of Indian MSM offers further support for reevaluating current approaches in syndemic studies and for introducing novel methods to test for 19 synergy as well as to better evaluate the development of co-occurring epidemics and their interactions over time. Our findings reinforce the challenge of translating the anthropological concept of syndemics to quantitative studies of population health and the need for the use of careful methodological approaches (and language) for undertaking syndemic investigations.
Closer attention to the underlying dynamics in co-occurring epidemics through combined qualitative and quantitative methodologies may yield more effective interventions for vulnerable, marginalized populations.
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